


INTRODUCTION 

This forecast  f o r  the 1964 Bristol  Bay red salmon run was prepared jo in t ly  by 
the Alaska Department of Fish and Game, the U.S. Bureau of Commercial Fisher- 
i e s ,  and the Fisheries Research In s t i t u t e  of the  University of Washington. 

The following s c i e n t i s t s  part icipated in the  analysis  of the data :  Mr. Frank 
J. Ossiander,,Mr. Melvin Seibel , and Dr. Howard D .  Ta i t  of the Alaska Depart- 
ment of Fish and Game; Dr. C.J. DiCostanzo, Dr. George Y .  Harry and Mr. H .  
Jaenicke of the Auke Bay Laboratory of the Bureau o f  Commercial Fisheries;  
Mr. Robert French and Mr. R . A .  Fredin of the Sea t t l e  Biological Laboratory 
of the Bureau of Commercial Fisheries;  Dr. Robert L .  Burgner, Mr. Allan C .  
Hart t ,  Dr. Ted S.Y. Koo, Mr. Steve Mathews, Dr. Ole Mathisen, and Dr. William 
F. Royce of the Fisheries Research In s t i t u t e .  Many others have part icipated 
in the col lect ion of data and preliminary analysis .  

Mr. Frank J .  Ossiander served as  ed i to r  and assembled t h i s  material i n  i t s  pre- 
sent  form. 

METHODS O F  FORECAST 

The forecast  represents an application of the use of mathematics to  study bio- 
logical phenomena. Every attempt to  use mathematics t o  study some real  pheno- 
mena must begin with building a mathematical model of these phenomena. Of 
necessi ty,  the model simplif ies matters t o  a greater  or l esse r  extent  and a 
number of d e t a i l s  a re  ignored. The success depends on whether or not the  
d e t a i l s  ignored a r e  rea l ly  unimportant in the development of the phenomena 
studied. The solution of the mathematical problem may be correct  and y e t  i t  
may be in violent  conf l i c t  with biological r e a l i t y  simply because the original  
assumptions of the mathematical model diverge e s sen t i a l l y  from the conditions 
of the biological system considered. Beforehand, i t  i s  impossible to  predict  
w i t h  ce r ta in ty  whether or  not a given mathematical model i s  aequate. To f ind 
t h i s  ou t ,  i t  i s  necessary t o  calcula te  a number of consequences of the model 
and t o  compare them with actual observations. 

The models used here take in to  account exp l ic i ty  a number of d e t a i l s  of the  
l i f e  hi s t o r i e s  of red salmon and the process of f ishing but ignore a great  
many others.  I t  i s  hoped t ha t  these models provide the g rea tes t  information 
from the  data now avai lable .  However, i t  i s  not claimed t h a t  t h i s  method of 
a t tack i s  the only one possible,  modifications which eventually wil l  provide 
an adequate model of the biological phenomena under consideration may be des- 
i rab le .  

These forecasts  give the expected return to the major r ive rs  in each f ishing 
d i s t r i c t  of Bristol  Bay. A var ie ty  of data i s  available on the  returns to  
these r ivers  which provides bases fo r  several separate estimates of the s i ze  
of returning runs (Table 1. 



Table 1 .  Data and method of ana lys i s .  

River System Type of Data Extent of Data Method of Analysis  

Nushagak 
Igushi k Escapement-return 1950 t o  present  Geometric mean 
Wood Smol t outmi g ra t ion  1951 t o  present  Linear regress ion  
Tikchi k *. Escapement- r e tu rn  1950 t o  p re sen t  Linear regress ion  

Naknek-Kvichak 
Kvichak Smol t outmigrat ion 1955 t o  present  Geometric mean 
Branch Escapement-return 1955 t o  p re sen t  Geometric mean 
Na kne k Smol t outmi g r a t i  on 1956 t o  p re sen t  Geometric mean 

Egegi k Escapement-return 1945 t o  present  Linear regress ion  

Ugas hi k Smol t outmi g r a t i  on 1958 t o  p re sen t  Geometric mean 



Independent of the r i ve r  system forecas ts  data from samples of salmon in the 
high seas and .the re la t ionship  of the re turns  of cer ta in  year groups a r e  u t i -  
l ized.  The assumptions inherent i n  the use of these methods and the r e l i a b i l i t y  
expected may be s ta ted  as  follows. 

1. Analysis based on escapement-return re la t ionship .  I t  i s  assumed t h a t  
the highly var iable  mor ta l i t i e s  do not mask the  computed re la t ion-  
ships.  The var iable  age of return a l so  reduces the r e l i a b i l i t y  of 
the  .met hod. 

2.  Smolt outmigration and re turn  re la t ionship .  In some of the major 
r i ve r s  of Bristol  Bay, indices of the number of smolts migrating 
t o  the sea have been obtained f o r  several years. These data a re  
subject  t o  sampling e r r o r s ,  the representat iveness of the sampling 
plan,  and the  var ia t ions  in s a l t  water mortal i ty.  

3. The re la t ionship  of the re turn  of cer ta in  year groups. Br is to l  Bay 
salmon commonly spend two o r  three years i n  the ocean and the re la -  
t ion of the re turn  a f t e r  three years t o  the  re turn  a f t e r  two years 
may be used f o r  a forecas t .  The var iable  age of re turn  reduces the 
r e l i a b i l i t y  of this method. 

4. Abundance of immature salmon a t  sea.  Abundance indices of the immature 
red salmon in the v i c in i t y  of the eastern and centra l  Aleutian Islands 
have been obtained f o r  several years. These data have been obtained 
independently from two sources: ( i )  the  catches of purse seine 
vessels  operating south of the Aleutian Islands where the immature 
red salmon pass in very large numbers during the mid-summer, and ( i i )  
by g i l l  ne t  vessels  operated over a somewhat larger  area of the North 
Paci f ic  Ocean in the centra l  Aleutian Islands. These indices assume 
a representa t ive  sampling plan in re la t ion  t o  salmon of Bristol  Bay 
or ig in .  

FORECASTS BY RIVERS BASED ON PARENT CYCLE ESCAPEMENTS AND SMOLT ABUNDANCE 

O u r  f i r s t  s tep  in  the forecas t  i s  t o  bring together the data from cycle analys is  
or outmigration of smolts f o r  each of the major r i ve r s .  

Nushaga k System 

The Nushagak escapement en te r s  three major spawning areas:  Wood River, Igushik 
River, and the  Tikchik Lakes. Data on escapement t o  each of these areas a re  
avai lable  since 1946, b u t  the commercial catch from Nushagak Bay cannot be sep- 
arated d i r ec t l y  in to  pa r t s  bound fo r  the separate r ive rs .  Therefore, the annual 
percentage of each system's escapement has been applied t o  the catch and the 
to ta l  r u n  t o  each spawning system estimated fo r  the l a s t  twelve years.  

Wood River 

Indices of the outmigrations of smolts have been obtained in the Wood River 
system since 1951. These have had a ra the r  variable re la t ion  with the re turn  



because of varying marine morta l i ty ,  b u t  enough data a re  avai lable  t o  permit 
a regression analys is .  Original data a re  transformed t o  logarithm sca les  t o  
simplify presentation and t o  help s a t i s f y  ce r ta in  requirements f o r  s t a t i s t i c a l  
analys is  (Figures 1 and 2 ) .  The expected return in 1964 from 1962 seaward 
migration i s  700,000 adul t  reds ;  from the 1961 seaward migration, 700,000. 
Thus, a t o t a l  re turn  t o  the Wood River system of 1,400,000 f i s h  i s  expected 
on the basis of the smolt index-adult re turn  re la t ionship .  

Ti kchi k Lakes, 

The fo recas t  f o r  the Tikchik system i s  based on escapement-return re la t ionships  
(Table 2) .  

Simple l i nea r  regression was used t o  formulate an est imate of the re turn  fo r  
1964 based on the re la t ionship  of escapement t o  4-year and 5-year re turn  (Fig- 
ures 3 and 4 ) .  The expected re turn  i n  1964 i s  46,000 red salmon from the 1960 
escapement and 70,000 red salmon from the 1959 escapement f o r  a t o t a l  re turn  
in 1964 of 116,000 red salmon. 

Igushi k Lakes 

The Igushik system forecas t  i s  a l so  based on escapement-return re la t ionships  
(Table 3) .  Linear regression was used t o  obtain est imates of 281,000 red salmon 
from the 1960 escapement and 654,000 red salmon from the 1959 escapement f o r  a 
to ta l  re turn  in 1964 of 935,000 red salmon (Figures 5 and 6 ) .  

Naknek-Kvichak System 

The l a rge s t  red salmon run in Alaska en te r s  the Kvichak River system which 
together with the smaller Naknek and Branch (Alagnak) system receives the runs 
going through t h i s  f i sh ing  area.  

The best  information avai lable  on which t o  base a fo recas t  are  the indices of 
the  outmigration of smolts which have been obtained since 1955. The 1964 
Kvichak r u n  wi l l  o r ig ina te  from the smolt migrations of 1961 and 1962. The 
indices and the return of adul ts  a f t e r  two and three  years in the ocean a re  
shown i n  Table 4.  

The geometric mean of the re turn  per index point mu1 t ip1  ied by the year group 
index provides an est imate f o r  the coming year.  T h u s ,  the  expected re turn  of 
f i s h  a f t e r  two years in the ocean from the index of 1962 i s  approximately 
8,210,000; a f t e r ,  three years i n  the ocean from the index of 1961 i t  i s  approxi- 
mately 60,000, fo r  a t o t a l  re turn  i n  1964 t o  the Kvichak system of 8,270,000 
f i sh .  

Branch River 

There i s  l i t t l e  information avai lable  upon which t o  base a forecas t  of the 1963 
Branch (Alagnak) River red salmon r u n .  Total runs and escapement data e x i s t  
f o r  the years 1955-1963 (Table 5 ) .  The sparse age composition data avai lable  
indicate  a dominance of age group 42 red salmon in the re turns  (approximately 
80 percent) .  
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Figure 1 .  Relationship between Wood River smolt index and return of .2 reds 
to  Wood River. Years indicate years of seaward migration Gn log- 
log scale) .  
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Figure 2 .  Relationship between Wood River smolt index and return of .3 red 
to  Wood River. Years indicate years of seaward migration ( o n  log- 
log sca le) .  



Table 2.  Tikchik Lakes - escapement and re turns .  

Year Escapement 4-yr. re turn  5-yr. re turn  

1964 forecas t  i s  shown in parenthesis .  

The 1956 f igures  were considered o u t l i e r s  and omitted from the  
cal cul a t i  ons . 
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Figure 4. Relation of 5-yr. re turn  t o  escapement Ti kchi k Lakes. Numbers indi-  
c a t e  brood year. 



Table 3. ~ ~ u s - h i  k Lakes - escapement and returns. 

Year Escapement 4-yr. return 5-yr. return 

1964 forecast i s  shown in parenthesis. 

The 1951 figures were considered out l ie rs  and omitted from the calculations. 



Expected r e t u r n  in 1564 

Figure 5.  elation of 4-yr. return t o  escapement Igushik Lakes. Numbers 
indicate  brood year. 



Escapement i n  thousands 

Figure 6.  Relation o f  5-yr. return t o  escapement Igushik Lakes. Numbers 
indicate brood year. 



Table 4. Kvichak River - smolt index and return of adults in thousands of 
f i sh .  

Return a f t e r  two years Return a f t e r  three  years 
Smolt Return Return per Return Return pe r  

Year index. of - . 2 ? s  i ndexpo in t  of - . 3 ! s  index pbint  

* Geometric mean 

Estimated return in 1964 i s  shown in parenthesis. 



Table 5.  Branch River - escapement and return in thousands of f i s h .  

Brood 
Year 

Return a f t e r  fou r  years  Return a f t e r  f i v c  years  
Return pe r  Return per 

Escapement Rcturr. sp awner Return sp awne r 

* Geometric mean of re turn  per spawner. 

Estimated re turn  in 1964 i s  shown in parenthesis. 



The 1964 run i s  expected t o  derive from the escapements of 1959 and 1960, 
i f  i t  i s  assumed t h a t  20 percent of the r u n  wil l  or ig inate  from the 1959 
escapement and 80 percent from the 1960 escapement, the expected r u n  in 1964 
should be approximately 2,400,000 red salmon. 

Naknek River 

Indices of smolt abundance have been obtained annually f o r  the Naknek River 
since 1956. .These have been compared with actual re turns  a f t e r  two and three 
years in the ocean (Table 6 ) .  

No s t a t i s t i c a l  ly  s ign i f i can t  re la t ionships  were indicated,  therefore;  simple 
applicat ion of the geometric mean r a t e s  of re turn  t o  the indices of 1962 and 
1961 r e s u l t s  in a fo recas t  of 1,179,000 2-ocean red salmon and 590,000 3-ocean 
red salmon f o r  a t o t a l  re turn  of 1,769,000 fo r  the 1964 season. 

Egegi k River 

The 1964 forecas t  f o r  the Egegik River i s  again based on escapement-return 
re la t ionships  (Figure 7 ) .  

The 1964 run wi l l  cons i s t  of 4-year f i s h  a r i s ing  from the 1960 escapement, 
5-year f i s h  from the 1959 escapement, 6-year f i s h  from the 1958 escapement, 
and 7-year f i s h  from the 1957 escapement; the estimated re turn  by age groups 
i s  given in Table 7. The re turn  i s  expected t o  consis t  of 960,000 2-ocean 
red salmon, 680,000 3-ocean red salmon; f o r  a t o t a l  re turn  of 1,640,000 red 
salmon. 

Ugas h i  k River 

Comparable indices of smolt abundance a re  avai lable  f o r  the  Ugashik River fo r  
the  years 1958 through 1962, and these a r e  used as  a basis  f o r  est imating the 
1964 re turns  (Table 8 ) .  The re turns  per index point indicates  t h a t  approxi- 
mately 740,000 red salmon might he expected from the  1962 smolt migration and 
200,000 from the 1961 smolt migration. 

ABUNDANCE OF YOUNG SALMON AT SEA 

Purse Seine Catch Data 

The abundance and age composition of immature red salmon a t  sea as  indicated 
by the purse seine catches south of Adak Island has been used as an index t o  
the abundance and age composition of the following yea r ' s  r u n  t o  Bristol  Bay. 
Seining has been conducted in June, Ju ly ,  and August each year since 1956 and 
t h i s  data i s  used t o  express the re la t ion  of the average seine catches t o  the 
runs in Bristol  Bay. 

A basic assumption underlying the use of t h i s  index i s  t ha t  we a re  obtaining 
a representa t ive  sample from the flow of immature reds through the index area.  
The evidence from the  di rect ion of catch of the purse seines and from the width 
of the column of f i s h  passing Adak Island suggests t ha t  a large proportion of 



Table 6. Naknek River smolt indices and adult return. 

Return a f t e r  2 years  Return a f t e r  3 years  
Smolt Thousands Thousands per  Thousands Thousands p e r  

Year index of f i s h  index po in t  of f i s h  index po in t  

* Geometric mean of return per index point. 

Estimated return in 1964 i s  shown in parenthesis. 
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Figure 7 .  Relation of return t o  escapement Egegik River. Numbers indicate 
brood year. 



Table 7 .  Estimated returns from brood years 1957-1960, Egegik system. 

Estimated Estimated re tu rn  by age groups-1964 re tu rns  2 
Brood Escapement re tu rn  i n  
Year i n  thousands thousands1 '2 '2 53 63 64 74 

~e te rmined  from data in Figure 6. 

Based on average age composition as follows: 42, 4 percent; 52, 12 percent; 

53 ' 28 percent; 6 3 ,  46 percent; 64, 3 percent; 74 ,  7 percent. 

Table 8. Ugashik smolt indices and adu l t  re turns .  

Return a f t e r  2 years 
Smolt Thousands Thousands ~ e r  Thousands Thousands ~ e r  - & 

Year Index of f i s h  index point  of f i s h  index point  

* Geometric mean of return per index point.  

Estimated return i n  1964 i s  shown in parenthesis .  



the immature Bristol  Bay red salmon present in the sea travel  pas t  Adak during 
the summer months. Therefore, i f  an index of the  number of salmon i n  t h i s  
movement i s  obtained, i t  should be representa t ive  of the numbers in the Bristol  
Bay stock. 

Sampling off  Adak has usually been in an area about 12 miles offshore,  and i t  
appears t h a t  t h i s  place i s  i n  the main path of immature red salmon i n  most 
years.  B u t  in 1957 the main body of the r u n  was apparently fu r the r  offshore,  
(according t o - t he  d i s t r ibu t ion  found by research vessels  using g i l l  ne t s )  and 
thus an abnormally low index value was obtained t h a t  year. 

Since the  purse seine indices represent  samples from the high seas population 
of red salmon i t  i s  necessary t o  ad jus t  the re turn  t o  Western Alaska f o r  the 
catches of Japanese high seas red salmon which would ordinar i ly  be expected i n  
the  re turn  (Table 9) .  Using these f igures  the Adak purse seine sampling i n  
1963 indicates  t h a t  the expected return of 2-ocean red salmon in 1964 i s  14.5 
mill ion and the expected re turn  of 3-ocean red salmon i s  4.8 mil l ion fo r  a 
t o t a l  re turn  of 19.3 mill ion red salmon (Table 10, Figures 8 and 9) .  

Gi l lnet  Catch Data 

Another method of forecas t ing the red salmon r u n  t o  Western Alaska i s  based on 
the abundance of 1 winter-at-sea f i s h  and 2 winter f i s h  in the hiqh seas g i l l -  
net catches re la ted  t o  the abundance of returning 2 and 3 winter-at-sea red 
salmon the following year.  The high seas index area used i n  the g i l l n e t  fore-  
cas t  i s  bounded roughly be the Aleutian chain and l a t i t ude  50' N. and between 
the longitudes 170" W. and 173" E . ,  an area of approximately 90,000 square 
miles. Generally the  forecas ts  based on g i l l n e t  catches have not been accurate 
because, among other th ings ,  there  i s  lack of spec i f i c  knowledge of the d i s t r i -  
bution by time and area of immature red salmon and of the rac ia l  or ig in  of the  
stocks. In addi t ion,  f i shing cruises  and s t a t i on  pat terns  have not been pro- 
grammed with forecas t ing as the spec i f i c  objective.  

In 1963 the d i s t r ibu t ion  of red salmon south of Adak Island by f i sh ing  repe t i -  
t i ve  nets  between Adak and l a t i t ude  50" N .  was analyzed. In a1 1 , 43 g i l  lne t  
s e t s  were made between July 3 and September 11. The average catch per shackle 
of g i l l n e t  by time period and distance offshore i s  given in Table 11. During 
the 1963 season the g rea tes t  abundance of 1 winter-at-sea red salmon was found 
within 20 miles of shore a t  t h i s  longitude. Two winter red salmon were most 
abundant within 20 miles of shore during the l a t t e r  half of Ju ly ,  b u t  appeared 
most abundant fu r the r  offshore in ea r ly  August. 

The highest catches of 1 winter red salmon ( th ree  instances where the catch 
per shackle was in excess of 40 f i s h )  occurred a t  11 , 15, and 19 miles off -  
shore. Similar ly ,  two r e l a t i ve ly  high catches of 2 winter red salmon (over 6 
f i s h  per shackle) occurred a t  15 and 22 miles offshore. 

Results of tabula t ing catches by distance offshore fo r  other years and longi- 
tudes a re  shown i n  Tables 12, 13, and 14. A lack of sampling within 20 miles 
of shore prevented the determination of the red salmon d i s t r ibu t ion  fo r  these 
times and areas.  These data do reveal ,  however, t h a t  i n  many instances re la -  
t i ve ly  high catches were made many miles offshore a t  d i f f e r en t  longitudes along 
the centra l  Aleutian chain area.  



Table  9. Tota.1 r e d  salmon r u n s  t o  wes te rn  Alaska ,  1956-1963 ( i n  thousands  o f  
f i s h ) .  

YEAR I CATCH ES CAPEPBNT ' i [EST. TOTAL RUN TO 1. ALASKA 

Sources: Catches 1956-1962 - INPPC s t a t .  yearbooks; 1963 ftDF&G and FtIS unpublished data.  

I I 

#.Alaska Japanese Japanese j Br i s to l  Estimated Q e  .2 Me ,3 Tota l  
Catch H i g h  Seas High Seas Bay Other ( i n c l  . 

catch Catch llestern i m a t u r e  s )  
Matures M a t u r e s  Alaska / Matures i n  
z/ Previous A r e a s y  

' 
B r i s t o l  

Year BW 

Escapements 1956-1961 - hDFScG, FtIS, and FRI tab les  of uppublished data. 
1962 - ADF&G mimeo. tab les .  1963 - ADF&G and FIIS unpublished data. 

1956 
1957 
1958 
1959 
1960 
1961 
1962 

1963 

Aga Go- of run - 1956-1959 - Compiled by Fredin from IIDF&G, FPIS & FRI 
data;  1960-1962 - From ages i n  catch and escapement as compiled i n  
ADF&G, PPlS, and FRI t ab l e s ,  unpublished. 1963 - ADF&G and FUS un- 
published data.  

l-/ ?Jestern Alaska d i s t r i c t s  including B r i s t o l  Bay, Yukon, Kuskokwim, Aleutians and north s ide 
Alaska Peninsula. 

10,252 3,115 60 
6,631 6,951 1,114 
3,460 584 14.4 
5,249 678 15 1 

14,411 4,008 1,185 
12,307 6,420 936 
4,990 1,313 653 
3,.204 2J 1,014 399 

Includes estimate of 437,000 f o r  Yukon, ICuskolcwin, north s ide Alaska Penn., and Aleutians 
obtained by averaging the catches of the preceding 7 years.  

0 0 
I/ Includes f o r  1956-1959 the high seas catches ea s t  of 170 E during May and those e a s t  of 175 

during June. Includes f o r  1960-1963 the Ellay and June 1-10 catches c a s t  of 170° E, the June 
0 

11-20 catches e a s t  of 175' E l  and the June 21-30 catches e a s t  of 180 . 

12,483 216 

Includes red saliion taken on high seas a t  times and i n  areas where immature Br i s to l  Bay reds 
are i n  large majority. These are mostly .2 age f i s h  t ha t  otherwise would be expected t o  mature 

0 
and r e tu rn  t o  B r i s t o l  Bay as .3ls .  gncludes J u l y  and August catches ea s t  of 170 E ,  and June 

21-30 catches between 175' E and 180 f o r  those years with catch data  by 10-day periods 
(1960-1963). 

5/ Escapement a r b i t r a r i l y  estimated as same as catch (from INPFC s t a t .  yearbooks). 

84 21,895 4,230 26,125 
4,471 15,273 19 ,744 
3,609 3,476 7 , 085 

11,907 2,944 14,851 
36,115 6,582 42,697 

8,102 18,154 26,256 
8,482 4,464 12,946 
4,907 J+,101 9,008 

4,693 355 1 24 
2,423 4 74. 5 2 
8,132 641 81 

22,386 707 87 
6,200 39 3 
5,718 27 2 
3,954 437 

3 2 
69 
5 7 



Table 10. Average ca tch  per s e ine  s e t  o f  immature red  salmon south of Adak 
Is land  compared with fol lowing y e a r ' s  r e t u r n  t o  Br i s to l  Bay and 
the  1964 f o r e c a s t  va lues  based on regress ion  equat ions .  

Year of Average cat ch/se t Year of "Bristol Bay" run 
catch at  (index points)  B.B. (mLllions) 

sea -.a -.2 All Ages Catch w . 2  -,3 A 1 1  Ages 

pp - - - - 

_1_/ Mscrepancy between to ta l  and sum of .2 and .3 ages due t o  rounding errors 

2f Regression equations 

Y, = 1,95619 + .26840x1 
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Catch p e r  index s e t  of 2 age irnmatwe f i s h  

Figure 8. Regression of numbers of .2 age red salmon i n  Bristol  Bay on catch 
per index s e t  of 2 age immature red salmon the previous year.  
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Figure 9. Regression of numbers of .3 age red salmon in Bristol  Bay on catch 
per index s e t  of - .2 age immature red salmon the previous year.  



Table 11 .  Ave<rage catch per shackle of sockeye salmon by distance from land 
along 176" 20'  W .  longitude, 1963 summer season. 

i 1 Winter Sockeye 
176 20T  VJ, 

Date . 0-20 2 1 4 0  41-66 61-80 81-100 101-120 

J u l y  16-31  

A u g u s t l - 1 5  

J u l y  1-15 ,185 ,952 ,556 - - - 

J u l y  16-31 1 6.806 4.722 4 ,083 -222 - - 
I 

27.775 5,150 5.950 2.100 - - 
46.067 6,250 .700 5.500 - .350 

Sept.  1-15 - 6,576 .600 1 .758 1.900 - 

I 
2 Winter Sockeye 

August  1-15 

August 16-31 

Sep t .  1-15 

1 , 3 7 5  3.222 ,467 3 .861 - -806 

-449 " 4 6 1  - - - - 
- 1 ,938  -444  2.653 ,833 - 



Table 12. Average catch per shackle sockeye salmon by distance from land 
and according to  longitude, 1960 summer season. 

- 

I 1 Winter  Sockeye 
I 

Longitude FX I Distance from l a n d  (miles)  
t ime p e r i o d  1 0220 21-40 41-60 61-80 81-100 101-120 121-140 

2 Winter Sockeye 



Table 13. Average catch per shackle of sockeye salmon by d i s t ance  from land 
and according t o  longi tude ,  1961 summer season. 

1 Winter  Soclceye 

Longitude 6( Distance from l a n d  (miles) 
t i m e  p e r i o d  0-20 21-40 41-GO 61-80 81-100 101-120 121-140 

169' Id. 
8/16-17 

176' 30'  ' i d ,  .036 
t o  1 7 S 0  30' 14. 

7/10 -14 



Table  14.  Catch  p e r  s h a c k l e  o f  sockeye salmon by d i s t a n c e  from l a n d  and 
a c c o r d i n g  t o  1 ongi tude  , 1962 summer s e a s o n .  

176' 30' Id. 
7/3 1 

Longitude & 
t ime p e r i o d  

I 
I 

2 Winter  Soclteye 

1 Winter  Sockeye 
Dis tancc  from l a n d  (miles)  

0-20 21-40 41-60 61-80 81-100 101-120 121-140 



These f indings have a d i r ec t  bearing on the accuracy of forecasts  derived 
from g i l l n e t  catches. Since f ishing cruises  from 1955 to  1962 were not 
designed primarily to  in tercept  immature salmon, the  abundance obtained may 
or may not adequately represent the r e l a t i ve  abundance of salmon i n  a given 
year. In the l i g h t  of recent forecasts ,  i t  appears tha t  sampling has not 
been adequate, assuming, of course, t ha t  g i l l ne t s  are an adequate sampling 
tool .  

For the 1964 Sorecast ,  the problem e x i s t s  of r e l a t i ng  g i l l n e t  abundance indices 
t o  returns t o  western Alaska knowing t ha t  sampling leaves much to  be desired 
and knowing l i t t l e  of racia l  or igin  of the samples. In addi t ion,  since the 
1963 forecast  from g i l l n e t  data di f fered greatly from actual re turns ,  the 
problem a l so  ex i s t s  of whether t o  include the 1962 abundance index in the cal-  
culat ions.  As a preliminary s tep several combinations of sampling areas and 
abundance indices were t reated by regression analyses. In a l l  instances the 
1963 abundance index was derived from a l l  43 s e t s  made between Adak Island and 
l a t i t ude  50°N. 

A summary of these d i f fe ren t  forecasts  i s  given in Table 15. Considering a l l  
areas ,  the combination of catches  of 1 winter-at-sea red salmon in the 2-1/2 
inch and 3-1/4 inch mesh nets produced the  best f i t  (items 1 and 2 ,  Table 15) .  
Similarly,  fo r  a 2 winter f i s h  the  best f i t  resulted from using catches in 
3-1/4, 4-1/2, and 5-1/4 inch mesh nets (see items 1-3, Table 15).  In nei ther  
case, however, a r e  the re la t ionships  close (see appended Figures 10 and 11) .  
Abundance indices from these mesh combinations were used in t rea t ing  other com- 
binations of areas and time periods. These other treatments, items 4 to  8, 
gave varying r e su l t s .  Usually i n  choosing spec i f ic  sampling areas and time 
periods, a high coef f ic ien t  of corre la t ion value and a lower standard e r ror  of 
regression was obtained fo r  the 1 winter f i s h  but not necessari ly fo r  the 2 
winter f i sh .  In a l l  b u t  one instance a bet ter  f i t  was obtained and a higher 
forecast  resul ted when the 1962 abundance index was omitted from cal cul a t i  ons. 
The range of forecast  f o r  the d i f fe ren t  treatments (using mesh combinations of 
2-1/2 and 3-1/4 inch f o r  1 winter f i s h  and 3-114, 4-1/2, and 5-1/4 inch fo r  2 
winter f i s h )  was from 17.1 t o  24.7 million f i s h ,  a spread of 7.6 mill ion.  

Some hesitat ion i n  the use of abundance indices obtained from spec i f ic  areas 
and time periods or  obtained by delet ing the  1962 data as the basis f o r  the  
forecast  i s  expressed here since t h i s  would indicate the consideration t ha t  
these indices were the  most representative.  Although i t  may happen t h a t  cer- 
t a in  s e t s  of indices may provide the  best f i t  t o  our limited da ta ,  t h i s  occur- 
rence may not endure over longer periods. Until we possess f u l l e r  knowledge 
of immature red salmon movements, d i s t r ibu t ions ,  and rac ia l  o r ig ins ,  the  catch 
data from a l l  s e t s  within the index area fo r  a l l  years wil l  be used t o  derive 
the  forecast .  

The forecast  f o r  1964, from high seas g i l l n e t  data ,  Table 16, c a l l s  f o r  a 
return to  western Alaska, including the Japanese high seas mothership catch,  
of 16.9 million 2 winter red salmon and 5.5 million 3 winter red salmon for  a 
t o t a l  r u n  of 22.4 million f i sh .  



Table 15. Summary of forecasts of sockeye t o  western Alaska for 1964 using 
gi l i n e t  abundance indices based on catches in different  mesh size 
combinations, areas, and time periods. 

A l l  areas - 25" + 3t"  
and 44" t 5&" 

Item 

A l l  areas - 3 i "  
and 44" mesh only 

A l l  areas - 2 winter f i s h  
i n  34", 44" and 5$" 

Sampling area and 
mesh combination 

A l l  areas - Highest 50% 
of catches - 25" i- 3$", 
3611 + 441' + 5*" 

Eastern Area - 170' w. - 
179' W. Ju ly  16-Aug 15. 
24" + 3411, 32" + 4s" + 

54 

1 Winter -- 

Western Area 1.80' - 170° E. 
Ju ly  16-Aug. 15. 3 i "  + 44" 
+ 5 i "  no data f o r  1956 

2 Winter Total  
Standard Forecast Standard Forecast 

r value e r r o r  (mi l l ions)  / r value e r ro r  (mi l l ions)  
I~ 

7 

Neg. corr .  t h i s  combin- 
a t ion  l a s t  year 

Forecast 
(mi l l ions)  

Eastern Area - Ju ly  16- 
Aug. 15 3&" and 4$" only 

8 

* These are computations in which the 1962 high seas catch index and returns 
to  western Alaska in 1963 have been deleted. 

Western Area 
44" mesh only 



Y = 1.6166 + 2.235GX 
- 

r, = 0.933 

1 9  G4 forecast: 16 .9 million 

,-Expected r e t u r n  i n  1964 

13G3 catch per shackle of 

-7 I r-- -- I_- - 
2 4 6 8 10 12 14 

Average catch p e r  shackle 1 winter  r e d  salmon 

Figure 10. Regression of returns of 2 winter-at-sea red salmon on catch per 
shackle of 1 winter red salmon the previous year. 
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Figure 11. Regression of returns of 3 winter-at-sea red salmon on catch per 
shackle of 2 winter red salmon the previous year. 



Table 16. Average catch per shackle of immature sockeye salmon i n  index area  
compared with following years  r e tu rn  t o  western Alaska. (Index 
area  bounded by Aleutian Chain and l a t i t u d e  50°N. and between longi- 
tude 170" W .  and 173" E . )  

i i 
Nmbe r Average catch p e r  shackle I Year 

Year of of 1 winter f i s h  i n  2 winter f i s h  i n  I Of catch s e t s  2*" and 3%" inesh 3$", 4$", 5 t "  mesh r e tu rn  I 

Estimated r e tu rn  t o  
Western Alaska ( i n  thousands) .2/ 

2 winter 1 3  winter I Total  

m e s e  catch pe r  shackle f i gu re s  d i f f e r  from those given pas t  years .  
Formerly weighted averages were used, i n  t h i s  t ab le  equal weight i s  given t o  each mesh 
s i ze  and each s e t .  

Data on re turns  t o  Western Alaska obtained from F. R .  I .  

1964 forecabts  shown i n  parenthesis .  



MULTIPLE REGRESSION PREDICTION 

In past  years the Bristol  Bay forecast  has been made on the basis  of indepen- 
dent predictions from several sources. Although recognized as somewhat inade- 
quate, an ari thmetic mean of the separate predictions was used as  the forecast  
f i  gure. 

Data from su f f i c i en t  years from both high seas and freshwater research a re  
accumulating t o  the point where a multiple regression analysis  now appears 
reasonable fo r  separately predicting returning numbers of red salmon a f t e r  
2-ocean and 3-ocean years.  For our multiple regression prediction of 2-ocean 
f i s h  the  dependent variable i s  the t o t a l  yearly r u n  of 2-ocean f i s h  to  western 
Alaska. The three independent variables in the analysis  a re  (1 and 2 )  the 
average catch per-index s e t  with purse seines and the average catch-per-shackle 
w i t h  experimental g i l l  nets  of 1-ocean immature red salmon in the year preced- 
ing the  re tu rn ,  and (3)  a s ingle  freshwater index value fo r  the year group 
combined from smolt indices and escapement-return re la t ionships  of individual 
Bristol  Bay r i ve r s  (Table 17).  The prediction of 3-ocean f i s h  i s  s imilar ly  
made, (Table 17) b u t  a  fourth independent variable i s  included, the s i ze  of the  
preceding yea r ' s  western Alaska run of 2-ocean red salmon. 

In the  analysis  the t o t a l  re turns  a re  derived from the known o r  estimated 
catches and escapement fo r  each Bristol  Bay stream (Table 18) plus estimates 
of the Japanese high seas catch of Bristol  Bay red salmon (Table 19) apportioned 
into each stream on the  basis of the percent of to ta l  yearly catch and escape- 
ment contributed by each stream (Table 20). 

The high seas indices and the  incorporation of the  2-ocean return in to  the 
regression model for  predicting 3-ocean re turns  need no fu r ther  comment. The 
derivation of the freshwater index value, however, i s  somewhat involved and 
requires some explanation. 

The need i s  t o  combine by year information from a l l  Bristol  Bay streams into  
two indices,  one fo r  2-ocean returns and the other f o r  3-ocean returns.  Indi- 
ces of smolt outmigration are obtained from four of the major systems, the  
Wood, Kvichak, Naknek, and Ugashi k Rivers (Table 21 ) .  Indices based on escape- 
ment-return re la t ionships ,  which by themselves, of course y ie ld  only rough pre- 
d ic t ions ,  are  given for  the Igushik, Tikchik, Branch, and Egegik systems i n  
Table 22 .  For the  Igushik, Tikchik, and Branch the majority of 2-ocean f i s h  
a re  assumed on the average t o  be four years t o t a l  age while the 3-ocean f i s h  
are  assumed t o  be of f i ve  years.  Thus, the index fo r  2-ocean return i s  the  
escapement four years previously and t ha t  f o r  3-ocean return i s  the escapement 
f i ve  years previously. In the Egegik River the majority of 2-ocean f i s h  are  
f ive  years of age while the 3-ocean f i s h  a re  mainly s i x  years old. The res- 
pective index values for  t h i s  r i ve r  a r e ,  therefore ,  the escapements f ive  and 
s i x  years preceding the r u n .  

The freshwater indices given in Tables 21 and 22 are  only r e l a t i ve  abundance 
f igures  within individual r i ve r  systems and are not necessari ly comparable 
from one system t o  the next. Therefore, as they stand they cannot be added 
together t o  give s ingle  yearly indices fo r  Bristol  Bay. In order to  standard- 
ize  them, so as to  make addi t ive ,  1957-1963 average returns per-index-point 



Table  17. Values used i n  mu1 t i p l e  r e g r e s s i o n  a n a l y s i s  f o r  p r e d i c t i o n  of 
~ r i ' s t o l  Bay r e d  salmon r u n ,  1964. 

2-ocean f i s h  

Year of 
B.B. run Y X 

1 X2 
X 

3 

Y = mil l ions  of f i s h  i n  run. 
X1 = purse seine index 1-ocean check inmatures the  year preceding t he  run. 
X2  = g i l l  ne t  index 1-ocean checlc immaturcs t he  year preceding the  run. 
X3 = t o t a l  adjusted freshwater index. 

3-ocean f i s h  

Year of 
B.B. run Y x1 X2 x3 X4 

Y = mil l ions  of f i s h  i n  run. 
X1 = purse seine index 2-ocean check immaturcs the  year preceding the  run, 
X2 = g i l l  ne t  index 2-ocean check inmatures the  year  receding the  run. 
X3 = t o t a l  adjusted freshwater index. 
X4 = previous yearsT Br i s t o l  Bay run of 2-ocean checks. 



Table 18. Combined catches and escapements of red salmon for western Alaska 
r ivers ,  1957-1963, in million of f ish?.  

2-ocean f i s h  

Year of llood Others 
run ~ ~ u s h i l c ~  ~ i k c h i k y  Riveru Kvichak2' Nakneli' Branchd 13,gegikd ~ g a s h i h d  1 n c . T o i  Tota l  

3-ocean f i s h  

1957-1962 from Forecast  of B r i s t o l  Bay Red Salmon Run i n  1963, A.D.F. & G .  Informat ional  Leaf le t  #23. 

1957-1962 from t a b l e s  provided by Dr. Charles DiCostanzo, U.S. Bureau of Commercial F i s h e r i e s ,  
Auke Bay, Juneau, Alaska. 

Escapements es t imated  as  equal  t o  ca tch ,  as  l i s t e d  i n  INPFC s t a t i s t i c a l  yearbooks. Numbers of .2 

checks t o  .3 checks assumed 65:35 based on o v e r a l l  r a t i o  f o r  a l l  o ther  B r i s t o l  Bay r i v e r  systems, 

1957-63. 

Age composition da ta  not  ava i lab le  f o r  1957. T o t a l  run apportioned by averaging age composi t io~l  
f o r  fol lowing 6 years .  

A l l  1963 d a t a  from B r i s t o l  Bay Red Salmon Run i n  1963, A.D.F. & G .  Informat ional  Leaf le t  #35. 



Table 19. Estimates of Japanese high seas  ca tch  of Br i s to l  Bay red salmon, 
1956-1963, in  mi l l ion  of f i s h l / .  

Number of 
Year immatures 2/ Number of 

previous year maturcs 

1/ 1956-1962 from I .N. P. F. C, S t a t i s t i c a l  yearbooks; 1963 from pre- - 
l iminary uno f f i c i a l  estimates,  

2/  Includes red  salmon taken on high seas a t  times and i n  areas  where - 
immature B r i s t o l  Bay reds a re  i n  l a rge  majority.  These a r e  mostly 
2-ocean f i s h  That otherwise would be expected t o  mature and re tu rn  
t o  B r i s t o l  Bay a s  3's.  Includes Ju ly  and August catches of 170' E., 
and June 21-30 catches between 175O E. and 180' f o r  those years with 
catch data by 10-day periods. 

3/ Includes f o r  1956-1959 the  high seas catches e a s t  of 170° E. during - 
May and those ea s t  of 17.5' E,  during June. Includes f o r  1960-1963 
the  May and June 1-10 catches e a s t  of 170' E. ,  and the  June 11-20 
catches e a s t  of 175' E, , and the  June 21-30 catches e a s t  of 1 8 0 ~ .  



Table 20. Total red salmon re tu rns  t o  western Alaska, 1957-1963, including 
~ a p a n e s e  high seas  ca tch  apportioned t o  sepa ra t e  r i v e r s ,  i n  mi l l i ons  
of f i s h u .  

2-ocean f i s h  

Year of Others 
run Igushik Tikchik Wood Kvichak Naknek Branch Egegik Ugashik Including Total  

3-ocean f i s h  

These f igures  are  combined catches and escapements, from Table 18, p lus  the Japanese catch,  Table 19,  
apportioned t o  each r i v e r  on the bas i s  of percentage of catch and escapement that each r i v e r  con t r l -  
butes  t o  t he  year ly  t o t a l .  



Table 2 1 .  Smqlt indices and returns5/ of Bristol Bay red salmon, returns in 
millions o f  f i sh .  

From F. R.  I. unpublished tabular  data .  

Year 
o f  

Index 

From Summary Report of Studies  on the Optimum Escapement of Sockeye Salmon i n  Southwestern Alaska, 
1961-1962, F. R .  I. and U.  S.  Bureau of Commercial F isher ies  j o in t  MS. 

Z/ From Ugashik River Smolt S tudies ,  1963 U.  S. Bureau of Commercial F isher ies  MS, by Herbert W. 
Jaenicke . 

W90D RIVER 
Smolt Return Re turn  

I n d e x g  .2 .3 

Indices not avai lable during e a r l y  years .  These f i gu re s  derived from known escapements, average 
freshwater age compositions of the outmigrations, and re la t ionships  between smolt production and 
escapement as  given i n  Figures 11, 17, and 18 of Summary Report of Studies  on the Optimum Escape- 
ment of Sockeye Salmon i n  Southwestern Alaska, 1.961-1963, F. R .  I. and U .  S .  Bureau of Commercial 
F isher ies  j o in t  MS. 

A l l  r e tu rn  f igures  from Table 20. 

IN1 CHAK 
Smolt Return Return 

Inde xL' .2 -3 

NfiKNEK 
Smolt Return Return 
1nde xd .2 .3 

UGASHIK 
Smolt Return Return 
1ndexY .2 .3  



Table 2 2 .  ~ e t y r n s ~  and indices based on escapements, Bristol Bay red salmon, 
in millions of f i sh .  

A l l  r e t u r n  f i g u r e s  from Table 20. 

Year of 
escape - 

ment 

1951 

Igushik and Tikchik 1952-1959, Branch 1955-1960, and Egegik 1951-1960, from Forecast  of B r i s t o l  
Bay Red Salmon Run i n  1963, Alaska Department of F i sh  and Game Informat ional  Leaf le t  #23. Igushik 
and Tikchik 1960, from F.  R.  I. unpublished da ta .  

Average of years  1955-1960, sinceescapement unknown. 

IGUSHIK 1 TIKCHIK BRANCH 
Index Returng Return 

.2 - 3  
Indexd Return Return 

.2 -3  

EGEGIK 
2/ - Index- Return Return 

.2 .3  

.goo 1.819 

Index ~ e t u r n d  Return 
.2 .3 ----- 



where calculated f o r  each r i ve r  f o r  each ocean age group (Table 23). The 
yearly index values of Tables 21 and 22 were then mult ipl ied by the average 
returns per-index-point t o  give the adjusted indices presented i n  Table 24. 
To give an example consider the adjusted Wood River index fo r  the 1957 pre- 
d ic t ion of 2-ocean f i sh .  The value fo r  t h i s  in Table 24 i s  1.126, which i s  
obtained by multiplying the 1955 Wood River smolt index of 222 (Table 21) by 
the average 2-ocean re turn  per-index point of .005073 (Table 23). 

The t o t a l  adjusted freshwater indices l i s t e d  in Table 24 and used in the 
regression models a re  then obtained by summing the  individual indices by year 
and ocean age. 

The ra t iona le  fo r  following t h i s  method of standardizing the  freshwater indices 
as  we have done and summing them t o  achieve a s e t  of overall  index values i s  
given by the  following example: 

Assume we wish t o  predic t  the  combined return t o  r i v e r s  A and B .  River A on 
the average has a re turn  per-index-point 10 times t h a t  of River B .  In a par- 
t i c u l a r  year smolt indices of 10 and 20 a r e  determined f o r  A and B from which 
the combined return t o  A and B of 2-ocean f i s h  2 years l a t e r  i s  t o  be predicted. 
A reasonable combination of these 2 values should place greater  weight on A's 
index. The simplest method of doing this i s  merely t o  multiply A's index by 
10 and add i t  t o  B ' s ,  giving a combined index, of 120 fo r  t h i s  sample. 

The regression equations using the Table 17 values a re :  

From these the predicted re turns  f o r  1964 are  13.9 mill ion 2-ocean and 3.9 
mill ion 3-ocean, o r  a t o t a l  run of 17.8 mil l ion.  Since t h i s  includes the 
Japanese high seas ca tch,  the ne t  return t o  western Alaska i s ,  therefore ,  
expected t o  be something l e s s  than the 17.8 mill ion f igure ,  depending on the 
magnitude of t h i s  variable.  

A number of discrepancies wil l  e x i s t  between ce r ta in  data presented i n  t h i s  
analys is  and data presented in previous Bristol  Bay forecas ts .  These a r i s e  
from several sources: ( 1 )  The geographical areas and time period used fo r  
est imating the Japanese high seas catch (footnotes 1 and 2,  Table 19) were 
a l t e red  somewhat from previous years on the basis  of accumulated knowledge 
from high seas tag  recoveries,  (2 )  now included i n  each y e a r ' s  r u n  of 3-ocean 
f i s h  i s  an est imate of the preceding y e a r ' s  Japanese catch of immature 2-ocean 
f i s h  of Bristol  Bay or ig in ,  (3 )  in building up f igures  f o r  the r u n  a s  has been 
done, stream by stream, only f i s h  of ocean ages 2 and 3 were included. Small 
numbers of 1-ocean and 4-ocean f i s h  were included i n  the t o t a l s  of 2- and 3- 
ocean f i s h  i n  previous fo recas t s ,  (4 )  both the purse seine and the  g i l l  ne t  
indices were revised t h i s  year.  



Table 23. Average red salmon return per-index-point for Bristol Bay rivers, 
1957-1963, in millions of fishll. 

2-ocean 3-ocean 

Igushik ,636410 1,653033 

Tikchik ,328125 2.244243 

1Jood River .005073 ,003089 

Kvichak .183027 .058955 

Naknek ,107402 .176448 

Branch 1,: 40549 .576052 

Egegilc 

Ugashik 

1/ Tota l  r e t u r n s  of Table 20, by 2-ocean and 3-ocean - 
ca tegor i e s ,  divided by t o t a l s  of index p o i n t s  of 
Tables 2 1  and 22  f o r  t h e  corresponding yea r s  of 
r e tu rn .  



Table 24. Adj*usted freshwater indices, Bri st01 Bay r ivers ,  1957-1 963 l/. 

Year of :load Total  
run I ~ u s h i k  Tiicchilc River Kvich ak Nalcne k Branch Egegilc Ueashik Index 

Unadjusted ind ices  o f  Tables 21 and 22 mul t ip l ied  by adjustment f ac to r s  of Table 23. 



SUMMARY OF BRISTOL BAY FORECAST FOR 1964 

The resul ts  of the forecasts by r iver  system, from high seas sampling, and 
multiple regression are brought together in Table 25. The estimates obtained 
from the r iver  systems and by multiple regression procedures are  in close 
agreement, the estimates from high seas data are higher. The method of fore- 
cast  based on river systems represents an estimate of the return to Bristol 
Bay r ivers .  . I t  does n o t  include any high seas catch and does not include 
f i sh  returning t o  streams in western Alaska other than Bristol Bay. The high 
seas sampling provides an estimate of the total  population of western Alaska 
red salmon present in Aleutian waters a t  the time of sampling, and these e s t i -  
mates have been related to the total  western Alaska catch including estimates 
of the high seas catch in each year. The multiple regression procedure incor- 
porates data from the river systems and high seas sampling adjusted for  the 
high seas catch. 



Table 25. Summary o f  f o r e c a s t  of B r i s t o l  Bay r e d  salmon run i n  1963 ( i n  
mi l ' l ions  o f  f i s h ) .  

Ocean age .2 Ocean age " 3  Total  
FOREC'lST BY RIVERS 

Wood River 

Tikchik 

Igushik 

To ta l  Nushagak 

Icvi chak 

Branch (Alagnak) 

Naknek 1.18 

To ta l  Naltnek-Kvichak 11.30 

Egegik 

Ugashik 

TOTAL BRISTOL BAY 

FORECAST FROM HIGH SEAS DATA 

Seining 14.5 

Gi l lne t t ing  16.9 

COMBINED FORECL'LST USING MULTIPLE REGRESSION 

r l l l  methods 1 3 - 9  

* dif ferences  are  due t o  rounding e r r o r s  



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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